The indirect immunofluorescence method and the unlabeled primary antibody peroxidase antiperoxidase method are used to demonstrate the substance P (SP) plexus in the spinal cord and SP cells in the sensory ganglia of the rat. The normal untreated and the control side of the dorsal rhizotomized rat show vast The hypotensive peptide substance P (SP), originally detected from equine brain and gut tissues by Von Euler and Gaddum (1) and characterized by Chang et al. (2) as an undecapeptide, occurs in numerous locations throughout the central nervous system of mammals (refs 3 and 4; V. Chan-Palay, unpublished data). The present report is concerned only with SP distribution in the sensory ganglia and spinal cord of the rat.
The hypotensive peptide substance P (SP), originally detected from equine brain and gut tissues by Von Euler and Gaddum (1) and characterized by Chang et al. (2) as an undecapeptide, occurs in numerous locations throughout the central nervous system of mammals (refs 3 and 4; V. Chan-Palay, unpublished data). The present report is concerned only with SP distribution in the sensory ganglia and spinal cord of the rat.
Earlier studies indicated that SP is present in the spinal cord and segmental nerve rootlets, with concentrations greater in the dorsal than in the ventral roots. The distribution suggested that it was localized in the primary sensory afferents (5-7). These observations led to the proposal that SP may be a sensory transmitter for the dorsal roots (7) . Recent elegant electrophysiological and pharmacological experiments by Japanese investigators (8) (9) (10) (11) (12) (13) (14) show that SP is an excitatory transmitter released from primary afferent nerve terminals in the mammalian and frog spinal cord. This effect has been seen also in the cat (15) . The release appears to be calcium-dependent and can be evoked by stimulation of the dorsal roots (16) . Other experiments in the supraspinal nervous system such as in the hypothalamus (17) and the cuneate nucleus (18) have con-
The costs of publication of this article were defrayed in part by the payment of page charges from funds made available to support the research which is the subject of the article. This article must therefore be hereby marked "advertisement" in accordance with 18 It was found that the SP levels in the dorsal horn fell, whereas levels in the ganglion rose. Hokfelt et al. (22) confirmed these findings in histological preparations with the indirect immunofluorescence technique. In some species such as the cat, SP cells are difficult to demonstrate. Although no specific SP fluorescence was found in the spinal ganglia, dorsal roots, or certain large peripheral nerve trunks in the normal untreated cat, experimental manipulation, such as the application of colchicine directly to the ganglion or compression of the dorsal roots, revealed a number of SP fluorescent neurons. All SP cells described were small, and the most strongly fluorescent material was found in what was described as the peripheral part of the cytoplasm. These experimental manipulations also provoked an increased number of SP fluorescent fibers in the nerve roots proximal to the ganglion and a decreased number of fibers in the dorsal horn of the spinal cord 10 days after rhizotomy.
Thus, evidence from a number of approaches, biochemical and morphological, suggests that immunoreactive fibers in the spinal cord arise from cells in the spinal ganglia. The present study investigates the precise distribution of the immunoreactivity of SP cells in the dorsal root ganglia in normal rats and after dorsal rhizotomy, by means of the indirect fluorescence method and the unlabeled primary antibody, peroxidase antiperoxidase (PAP) method (24) saline and emulsified in Freund's complete adjuvant supplemented with killed tubercle bacilli. Antiserum against this antigen conjugate was raised in New Zealand White rabbits following multiple intradermal injections (25) . The titer of antiserum was determined as reported (26) . Multiple bleedings were obtained from each rabbit; all the experiments described here were performed on antiserum obtained on one occasion. Antiserum was used in a dilution of 1:100.
Controls. (i) Inactivated antiserum preincubated for 48 hr with SP in excess (concentration, 100 nmol of SP per ml of antisera) was used at a dilution of 1:100. (ii) Normal goat IgG (Miles Lab) was used at dilutions of 1:30 or 1:100. (Mii) Neurotensin antiserum (27) was used at dilutions of 1:100. (iv) Inactivated neurotensin antiserum preincubated with excess neurotensin (concentration, 200 nmol or 0.7 mg/ml of antiserum) was used at dilutions of 1:100.
Unilateral Dorsal Rhizotomy. Adult rats (Sprague-Dawley, 300 g body weight) were anesthetized with 35% chloral hydrate intraperitoneally (0.1 ml/100 g body weight). The thoracic (T1-T5) segments of their spinal cords were exposed by dorsal laminectomy and the dorsal roots were cut on one side. The animals were killed 24 or 48 hr later. Normal adult rats served as untreated controls.
Preparation (ii) 125I-[Tyr8]SP with similar specific activity in 10 ,l was dripped in vivo directly upon the spinal cord and the sensory ganglia (T1-T4) after careful exposure by dorsal laminectomy and dissection through the connective tissue capsule of the ganglia. After 3 hr, both sets of animals were perfused with aldehyde mixtures (1% glutaraldehyde, 1% formaldehyde in 0.12 M phosphate buffer) and the tissues were frozen-sectioned and prepared for autoradiography with Kodak NTB-2 emulsion (28). Exposures of 6-9 weeks were used, followed by development in D-19 and observation under dark-field illumination. connective tissue capsule of the ganglia; others were scattered throughout the ganglion, singly or in groups of two or three. The most consistent lobation for many SP cells was among the groups of small cells abutting against vessels of the rich capillary bed of the ganglia.
RESULTS
Careful examination with Nomarski interference contrast optics revealed two varieties of immunoreaction within the spinal ganglion. (i) Punctate dark-brown granules with sharp contours. These structures were of all sizes from very small and barely resolvable (about 0.1 Mm) to quite large (about 3.0 Mm) and were generally found packed into cells. An SP-immunoreactive cell invariably contained large accumulations of this material. Occasionally, smaller; individual, punctate darkbrown spots could be observed loose in the area immediately surrounding an SP cell without clear confinement to the cell's boundaries. Nerve fibers were sometimes observed among ganglion cells; they always bore this dark punctate reaction. (ii) The second variety of immunoreactivity was a smooth, homogeneous, brown reaction, lighter-than the dark brown of the punctate SP cellular reaction but darker than the surrounding background. These areas of SP reactivity were not confined to SP cells. Instead, it surrounded the cell ortextended as long filiform lamellae up to 500-600 ,m between satellite cells surrounding ganglion cells. Very'often, this homogeneous brown reaction was found around parts of blood capillaries, particularly those near an SP cell. Examples of these two varieties of SP-PAP immunoreactivity are shown in Fig. 1 A and 
